The polysaccharide antigen preparations from serotype a and serotype d strains of Streptococcus mutans contained both a serotype-specific antigenic determinant and a common a-d antigenic determinant, as demonstrated by agar gel diffusion studies and a quantitative cross-precipitin assay. The chromatographically purified antigens were isolated by a method which depended on their serological specificity to determine if these two antigenic determinants were located on the same molecule. The a and d polysaccharides were recovered from specific antigen-antibody complexes and characterized with respect to their immunological specificity and chemical composition. Agar gel diffusion tests demonstrated that, in both the a and the d preparations, the serotype-specific antigenic determinant and the common a-d antigenic determinant were present in one molecule.
The polysaccharide antigen preparations from serotype a and serotype d strains of Streptococcus mutans contained both a serotype-specific antigenic determinant and a common a-d antigenic determinant, as demonstrated by agar gel diffusion studies and a quantitative cross-precipitin assay. The chromatographically purified antigens were isolated by a method which depended on their serological specificity to determine if these two antigenic determinants were located on the same molecule. The a and d polysaccharides were recovered from specific antigen-antibody complexes and characterized with respect to their immunological specificity and chemical composition. Agar gel diffusion tests demonstrated that, in both the a and the d preparations, the serotype-specific antigenic determinant and the common a-d antigenic determinant were present in one molecule.
An increased knowledge of the ability of Streptococcus mutans to form plaque on the smooth surfaces of teeth and its role in the development of dental caries (4, 6, 14, 32, 34) has stimulated interest in the development of vaccines against this organism. By immunizing with whole formalin-killed cells ofS. mutans in the vicinity of the parotid glands, a correlation between increased salivary immunoglobulin A (IgA) titers and reduced caries incidence has been demonstrated in rats (35) . Recently, an increase in serum IgG titer has been related to reduction of caries in rhesus monkeys after subcutaneous and submucous immunization with heat-killed cells of S. mutans (17) . In the later study, serum IgG was thought to enter the oral cavity via the crevicular fluid. In these studies, the role ofthe antibodies is probably not bactericidal but rather involves interference with the adherence of S. mutans to the tooth surface. Secretory IgA from saliva has been shown to specifically inhibit the adherence of some strains of S. salivarius and S. mitis to human buccal epithelial cells (37) . In vitro studies have shown inhibition of the adherence of S. mutans to smooth glass surfaces by antibodies against whole cells of S. mutans (8, 28) . Some of these antibodies appeared serotype specific (8) . Indeed, antibodies to the serotype a polysaccharide antigen have been shown to inhibit adherence by blocking the binding ofglucosyltransferase to the cell wall and, consequently, inhibit-I Present address:Bdei Medical School, Saitama-Ken, Ja- pan. 791
ing the synthesis of cell-associated glucans necessary for cell adherence (26) . This result lent support to an earlier proposal that the purified serotype antigens of S. mutans might be used as a possible vaccine against these cariogenic organisms (35).
A vaccine based on a serotype antigen is by definition limited in scope. Seven serotypes of S. mutans (serotypes a through g) have been demonstrated to date (1, 30) . These serotypes are distinct from the Lancefield serogroups of streptococci, except for minor cross-reactions with group E. The Lancefield group and type antigens have been characterized as polysaccharides, teichoic acids, or proteins (7, 15, 21, 36 press) and c, e, and f strains (Hamada and Slade, unpublished data). These cross-reacting antigens may be of importance in the development of a purified vaccine.
Previous work with the a and d antigens, using agar gel diffusion and immunoelectrophoresis, suggested that the serotype-specific determinant and the cross-reacting a-d determinant were on one polysaccharide molecule (18, 24) . However, several streptococci have been shown to contain distinct group and type polysaccharides in their cell wall or capsular material, e.g., groups B and F (16, 36) . Therefore, the possibility of multiple polysaccharides existing in the preparations from S. mutans was considered. These polymers would have to be of similar size and electrical charge to have remained undetected through column fractionations and immunoelectrophoresis. Purification of polysaccharides by their serological specificity has proved helpful in the study of streptococcal group and type antigens (21, 36 (12) . The serotype antigens were extracted and purified by repeated column chromatography as previously described (18, 24) .
Serological procedures. Anti-HS6 and anti-B13 sera were prepared in New Zealand white rabbits as reported (18) . Specific anti-a and anti-d sera were prepared by adsorbing whole anti-HS6 serum with B13 cells (serotype d) and, conversely, by adsorbing whole anti-B13 serum with HS6 cells (serotype a) (18, 24 (33) . Agar gel diffusion techniques have been described (29) .
Serological purification of antigens. The scheme for the serological purification of the a and d antigen preparations is shown in Fig. 1 . Samples of chromatographically purified HS6-antigen (15 ,tg) were combined with 0.15 ml of anti-a serum or 0.3 ml of whole anti-B13 serum plus saline to a final volume of 0.45 ml. Similarly, samples of chromatographically purified B13-antigen (10 ,ug) were combined with 0.15 ml of whole anti-HS6 serum or 0.3 ml of anti-d serum plus saline to a final volume of 0.45 ml. The reaction mixtures were incubated at 37 C for 1 h and at 5 C for 2 h. The precipitated antigen-antibody complexes were collected by centrifugation at 6,000 x g for 20 min and were washed three times with 0.5 ml of saline.
The antigen-antibody complexes were solubilized using a method based on procedures developed by McCarty and Lancefield for the study of group A streptococcal antigens (21) . The washed complexes were dissolved in 0.01 N HCl (0.1 ml) with intermittent stirring at 25 C for 10 min. An equal volume of 5% trichloroacetic acid was added, and the incubation was continued at 25 C for 10 min and 5 C for an additional 10 min. The precipitated globulins were removed using a membrane filter (MF type, 0.22 ,um pore size) fitted in a Swinnex-13 filter holder (Millipore Corp., Bedford, Mass.). Samples for serological analysis were neutralized with 1 N NaOH; samples for gas-liquid chromatographic analysis were extracted three times with equal volumes of ether to remove trichloroacetic acid and were lyophilized.
Analytical methods. Total sugars were measured by the phenol-sulfuric acid method (5 RESULTS Characterization of chromatographically purified antigens. The a and d antigen preparations that had been purified by repeated column chromatography were examined by agar gel diffusion, a quantitative cross-precipitin reaction, and gas-liquid chromatography. In Fig.  2A , the preparations were tested in agar with a mixture of specific anti-a and anti-d sera. The resulting precipitin bands had double spurs which characterized the polysaccharides as serologically distinct molecules. Serotype a antigen did not react with adsorbed anti-d serum, nor did serotype d antigen react with adsorbed anti-a serum (see Fig. 4 and 5) . However, the a and d antigen preparations demonstrated a reaction of serological identity when reacted with anti-a-d globulins (Fig. 2B) . The reactions of the a and d antigens with anti-a-d globulins were examined further by the quantitative precipitin assay. The precipitin curves resulting from the reaction of anti-a-d globulin (5 ,ul) with increasing concentrations of d and a antigens are shown in Fig. 3A and B, respectively. At their equivalence points, the two antigens precipitated 15.9 and 15.4 ,g of antibody protein. After incubation of the anti-a-d globulins with a antigen and removal of the precipitate by centrifugation, the supernatant and initial wash (100 ,ul total) were incubated with 0.3 ug of d antigen (Fig. 3B) . If the anti-a-d preparation was a mixture of anti-a and anti-d globulins, the reaction with the d antigen would have remained constant with increasing concentrations ofa antigen. However, this was not the case. The cross-precipitin assay yielded reciprocal curves and thus confirmed that the a and b antigens were reacting with the same anti-a-d globulin. Therefore, the antigen preparations contained both a serotype-specific determinant and a cross-reacting antigenic determinant.
Analysis on gas-liquid chromatography revealed the ratios of galactose to glucose in the a and d preparations to be 5.5:1 and 1.9:1, respectively ( Table 1 ). The recovery of sugars by gasliquid chromatographic procedures averaged 95% with respect to total sugar determinations by the phenol-sulfuric acid method.
Characterization of serologically purified a antigen. Samples of serotype a antigen were recovered from specific antigen-antibody complexes to determine whether the a and a-d antigenic determinants were on the same or dis- tinct polysaccharide molecules. Chromatographically purified a antigen from S. mutans strain HS6 was reacted with specific anti-a serum and with anti-B13 serum which contained cross-reacting anti-a-d globulins. After dissolving the antigen-antibody complexes in 0.01 N HCI, the antibody globulins were removed by trichloroacetic acid precipitation. The recovered antigens were analyzed for their serological activity and composition.
In Fig. 4 , the serological activity of the polysaccharides recovered from specific complexes with anti-a serum and anti-B13 serum were tested by agar gel diffusion. The antigens were placed in the center wells and six antisera were distributed in the outer wells. Both samples reacted with anti-a serum and with anti-a-d sera prepared from whole anti-HS6 and anti-B13 sera. Therefore, the a and a-d antigenic determinants appeared to be on one polysaccha-* i . . - The outer wells contained various sera: (1) anti-a, 20 p1; (2) whole anti-HS6, 20 p1; (3) anti-a-d (from anti-HS6), 20 jd; (4) anti-a-d (from anti-B13), 80 /X1; (5) whole anti-B13, 80 p1; and (6) lins was analyzed by gas-liquid chromatography. The analysis showed an identical profile with the starting material ( Table 1) . The galactose-to-glucose ratios of the preparations were 5.4:1. Galactosamine and glucosamine may also be present in trace amounts. Recovery of sugars after the serological procedures and gasliquid chromatography was 74%.
Characterization of serologically purified d antigen. Samples ofchromatographically purified serotype d antigen from S. mutans strain B13 were precipitated with anti-d serum and whole anti-HS6 serum which contained anti-ad globulins. After dissolving the complexes and removing the antibody globulins by trichloroacetic acid precipitation, the recovered antigens were tested to determine whether the d and a-d antigenic determinants were present on the same molecule.
The serological activity of the antigens recovered from specific complexes with anti-d serum and anti-HS6 serum were tested by agar gel diffusion (Fig. 5) . Both samples reacted with anti-d serum and with anti-a-d sera prepared from whole anti-B13 and anti-HS6 sera. Therefore, the type d polysaccharide appeared to carry both the d and a-d antigenic determinants on one molecule. The samples did not react with anti-a serum.
A quantitative precipitin assay was used to measure the recovered polysaccharides against standard curves of the purified B13 antigen (Fig. 6) . Each sample was assayed with both anti-d and anti-HS6 sera. The two preparations averaged 0.12 ,.g of antigen per 4 ,ul tested. This calculated to 7.2 ,g (final volume 240 1l) or a total recovery of 72%.
In a parallel experiment, antigen which had been released and purified from anti-d globulins was analyzed by gas-liquid chromatography (Table 1) . Analysis revealed the presence of only two sugars, galactose and glucose. These sugars were present in proportions similar to those in the starting preparation, i.e., galactose to glucose, 1.7:1. Recovery of sugars after the serological procedures and gas-liquid chromatography was 54%.
DISCUSSION
The polysaccharide antigen preparations from serotype a and d strains of S. mutans contained both the serotype-specific antigenic determinant and a common a-d antigenic determinant, as demonstrated by agar gel diffusion studies (Fig. 2 ) and a quantitative cross-precipitin assay (Fig. 3) . The object of this study was to determine if these two antigenic determinants were located on the same molecule, as sug- gested by previous studies using agar diffusion and immunoelectrophoresis (18, 24) . A serological purification technique was used for this purpose.
The polysaccharide antigen purified from S. mutans strain HS6 (serotype a) could be recovered from complexes with anti-a serum and with anti-B13 serum which contained anti-a-d globulins (Fig. 4) . The recovered antigens carried both the specific serotype a and the com- a complex with anti-a globulin was analyzed using gas-liquid chromatography ( Table 1 ). The sugar composition of the recovered antigen appeared identical to the starting material; i.e., it contained galactose and glucose in a ratio of 5.4:1 with possible trace amounts of galactosamine and glucosamine. The recovery of sugars was 74%.
In an experiment with antigen from S. mutans strain B13 (serotype d), samples recovered from complexes with anti-d and anti-HS6 sera contained both the serotype-specific d determinant and the cross-reacting a-d determinant (Fig. 5) . The composition of the polysaccharide precipitated with anti-d serum was similar to that of the starting material; i.e., galactose and glucose were the only sugars detected and these were present in a 1.7:1 ratio ( (30) .
The structure of the a and d serotype antigens may be similar to the structure of the polysaccharide 0 antigens of Salmonella. In this genus, variations of a basic trisaccharide repeating sequence result in a large number of distinguishable serotypes (20, 31) . Variations may be related to (1) changes in the position or configuration of a linkage within the basic chain, (2) attachment of a monosaccharide at specific points on the basic sequence, or (3) deletion or substitution of one of the saccharides in the basic repeating unit (31) . Since specificities to both terminal and nonterminal residues exist, multiple antigenic determinants are present on one polysaccharide molecule. Although galactose and glucose are the only major saccharides of the a and d serotype antigens of S. mutans, variations in the configuration and position of linkages between these monosaccharides could easily account for the several distinct antigenic determinants which have been serologically identified..A more extensive elucidation of these determinants will have to await complete structural analysis of the antigens.
The existence of multiple antigenic determinants on the polysaccharide antigens of S. mutans may be helpful in the search for a vaccine to aid in the reduction of dental caries. Adherence of S. mutans to smooth surfaces, such as those on teeth, has been correlated with the production of insoluble glucans by a glucosyltransferase (8, 9, 11, 25, 27, 28) . Antiserum which was specific for the serotype a cell wall polysaccharide antigen has been shown to block the binding of glucosyltransferase to the surface of heat-killed cells, thus inhibiting adherence of the cell to a glass surface (26) . A similar study with serotype d antiserum has also shown inhibition of cell adherence (Linzer and Slade, unpublished observations). The serotype a and d antigens deserve particular consideration in a vaccine program for several reasons. First, serotypes c and d were found to be the most frequently occurring serotypes of S. mutans in a survey of dental plaque samples from 14 regions of 10 countries (3). In another study using fluorescein-conjugated antisera, serotype d was the most frequently occurring group in 51 plaque samples (10) . Second, no serotype a, d, or g strains were isolated in a study of blood samples from 54 patients with subacute endocarditis. However, 50 strains of S. mutans serotype c were isolated from these 54 patients (30) . Third, the multiple antigenic INFECT. IMMUN 
